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Introduction
SECTOR CHAPTERS

1. Building and Construction

2. Chemicals, Industrial Biotechnology, and Continuous Manufacturing
3. Defense and Homeland Security (including First Responder)

4. Electronics Non-Semiconductor and Information Technology (IT) Hardware
5. Electronics Semiconductor

6. Energy and Power and Environment

7. Healthcare (including Bioimaging)

8. Manufacturing (Discrete) and Automotive

9. Materials

10. Nanotechnology

11. Software for Information Technology (IT)

12. Assessment of all Economic Sectors/Areas Assessed



Introduction

The U.S. Measurement System (USMS) Measurement Need (MN) Data Book contains a series of correlation tables and distribution charts based on over
300 one-page measurement need summaries developed by NIST for various sectors of the economy as well as technology areas. The supporting data for
each table and chart was derived from individual MNs through a “tagging” process designed to gather a consistent set of information from each MN. The
tags were developed from the perspective of providing key information about measurement providers, solutions, and barriers, as well as other parameters.
Each table and chart provides results for selected tags or sets of tags. The methodology and the set of tags used is discussed in more detail in “An
Approach for Inferring the State of the USMS from the MN Analysis, Roadmap Analysis, and USMS Characterization.”

It should be noted that for each MN, there are multiple choices for some sets of tags. For example, up to three tags are possible for measurement
solutions, measurement barriers, measurement providers, and selected other tags. Consequently, the total number of “hits” in a single chart or table may
exceed the number of MNs in that sector. On tables and charts where this occurs, MN Element is used rather than MN on the vertical axis to reflect that
multiple tags may be selected for some categories.

The information contained in these tables and charts is integral to the inferential methodology that is being used by NIST to assess the state of the USMS.
Different inferences, for example, might be drawn by looking at simple histograms or distributions of tags, or by combining tags in various ways. Both
correlation tables and distribution charts may be used to identify and support findings about the USMS, particularly within the sector of interest. The utility
of both approaches is outlined below.

Correlation Tables

Correlation tables compare one set of tags with another to help discern synergies, identify areas of greatest emphasis (and those of no interest), and
possibly point to key problem areas within a sector or technology. Each table has two sets of parameters being compared or correlated — and these are
noted in the title of the table.

Each cell in the table indicates the juncture of two parameters, and the number (if any) in the cell indicates the number times that juncture occurred in the
set of MNs analyzed. Cells shaded in blue indicate a higher number of junctures; green shading indicates a lower number. For example, the correlation
table for Healthcare comparing Measurement Solution Barriers with Measurement Solutions might have a number of 20 in the blue-shaded cell
corresponding to Accuracy (barrier) and Measurement Instrument (solution). This means that 20 MNs were tagged with Accuracy as a barrier and with
Measurement Instrument as a solution. This tells us that within the Healthcare sector, accuracy is a primary measurement challenge, and new
instrumentation is one of the key solutions.

Correlations may also point out anomalies. For example, if a large number of MNs were tagged with “lack of fundamental knowledge” as a measurement
barrier, you would expect that providers of fundamental measurement science or research would emerge as key providers. If this were not the case, it
might point to a key finding about how measurement needs are communicated within the USMS.

Distribution Charts

Distribution charts are simple histograms that summarize the number of times a particular tag was selected for the set of MNs in a sector. These provide a
good sense of what the key issues are within a sector, and may be used as supporting evidence for an inferential finding. Distribution charts are titled with
the primary category of the tags (measurement solution, measurement barrier, etc). All of the distribution charts use vertical bars to display the number of
“MN elements” for each tag within the group (shown along the horizontal axis). For example, a histogram for measurement solutions will have 23 tags on
the horizontal axis. All tags are represented on the charts, even if none were selected for that group of MNs (zero, or no bar visible).
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Exhibit 1.1: MN Distribution of Measurement Barriers in Buildings and Construction
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Exhibit 1.2: MN Distribution of Measurement Solution Providers in Buildings and Construction
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Exhibit 1.3: MN Distribution of Measurement Solutions in Buildings and Construction
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Exhibit 1.4: MN Distribution of Measurands in Buildings and Construction
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Exhibit 1.5: MN Distribution of Current Public/Private R&D Efforts
in Buildings and Construction
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Exhibit 1.6:

MN Distribution of Tl as Measurement Technology in
in Buildings and Construction
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Exhibit 1.7: MN Distribution by Stage of Technological Innovation

in Buildings and Construction
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Exhibit 1.8: MN Distribution of Regulation as Driver/Barrier in Buildings and Construction
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Exhibit 1.9:

MN Correlation Matrix for Solution Providers and Measurement Barriers

in Buildings and Construction
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MN Correlation Matrix for Measurement Barriers and Measurement Solutions

in Buildings and Construction

Exhibit 1.10:
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Exhibit 1.11;

MN Correlation Matrix for Measurement Providers and Measurement Solutions

in Buildings and Construction
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MN Correlation Matrix for Stage of Technological Innovation and Measurement Barriers

in Buildings and Construction

Exhibit 1.12:
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MN Correlation Matrix for Stage of Technological Innovation and Measurement Solutions

in Buildings and Construction

Exhibit 1.13:
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Exhibit 1.14:

MN Correlation Matrix for Solution Providers and Stage of Technological Innovation

in Buildings and Construction
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Exhibit 1.15: MN Correlation Matrix for Stage of Technological Innovation and Tl as Measurement Technology
in Buildings and Construction
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MN Correlation Matrix for Tl as Measurement Technology and Measurement Barriers
in Buildings and Construction

Exhibit 1.16:

Measurement Solution Barriers
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Exhibit 1.17:  MN Correlation Matrix for Solution Providers and Tl as Measurement Technology
in Buildings and Construction
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MN Correlation Matrix for Tl as Measurement Technology and Measurement Solutions

in Buildings and Construction

Exhibit 1.18:
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MN Correlation Matrix for Regulation as Driver/Barrier and Measurement Solutions
in Buildings and Construction

Exhibit 1.19:
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Exhibit 1.20: MN Correlation Matrix for Solution Providers and Regulation as Driver/Barrier
in Buildings and Construction
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Exhibit 2.1: MN Distribution of Measurement Barriers in Chemicals, Industrial Biotech, and Continuous Mfg
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Exhibit 2.2: MN Distribution of Measurement Solution Providers in Chemicals, Industrial Biotech, and Continuous Mfg
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Exhibit 2.3: MN Distribution of Measurement Solutions in Chemicals, Industrial Biotech, and Continuous Mfg
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Exhibit 2.4: MN Distribution of Measurands in Chemicals, Industrial Biotech, and Continuous Mfg
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Exhibit 2.5: MN Distribution of Current Public/Private R&D Efforts
in Chemicals, Industrial Biotech, and Continuous Mfg
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Exhibit 2.6:

MN Distribution of Tl as Measurement Technology
in Chemicals, Industrial Biotech, and Continuous Mfg
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Exhibit 2.7: MN Distribution by Stage of Technological Innovation

in Chemicals, Industrial Biotech, and Continuous Mfg
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Exhibit 2.8: MN Distribution by Regulation as Driver/Barrier
in Chemicals, Industrial Biotech, and Continuous Mfg
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Exhibit 2.9:

MN Correlation Matrix for Solution Providers and Measurement Barriers
in Chemicals, Industrial Biotech, and Continuous Mfg
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Exhibit 2.10:

MN Correlation Matrix for Measurement Barriers and Measurement Solutions
in Chemicals, Industrial Biotech, and Continuous Mfg
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Exhibit 2.11;

MN Correlation Matrix for Measurement Providers and Measurement Solutions
in Chemicals, Industrial Biotech, and Continuous Mfg
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MN Correlation Matrix for Stage of Technological Innovation and Measurement Barriers

in Chemicals, Industrial Biotech, and Continuous Mfg

Exhibit 2.12:
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MN Correlation Matrix for Stage of Technological Innovation and Measurement Solutions

in Chemicals, Industrial Biotech, and Continuous Mfg

Exhibit 2.13:
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Exhibit 2.14:

MN Correlation Matrix for Solution Providers and Stage of Technological Innovation

in Chemicals, Industrial Biotech, and Continuous Mfg
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Testing laboratories
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Exhibit 2.15: MN Correlation Matrix for Stage of Technological Innovation and Tl as Measurement Technology
in Chemicals, Industrial Biotech, and Continuous Mfg
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MN Correlation Matrix for Tl as Measurement Technology and Measurement Barriers

in Chemicals, Industrial Biotech, and Continuous Mfg

Exhibit 2.16:
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Exhibit 2.17:

MN Correlation Matrix for Solution Providers and Tl as Measurement Technology

in Chemicals, Industrial Biotech, and Continuous Mfg
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MN Correlation Matrix for Tl as Measurement Technology and Measurement Solutions

in Chemicals, Industrial Biotech, and Continuous Mfg

Exhibit 2.18:
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MN Correlation Matrix for Regulation as Driver/Barrier and Measurement Solutions

in Chemicals, Industrial Biotech, and Continuous Mfg

Exhibit 2.19:
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Exhibit 2.20: MN Correlation Matrix for Solution Providers and Regulation as Driver/Barrier
in Chemicals, Industrial Biotech, and Continuous Mfg
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Exhibit 3.1: MN Distribution of Measurement Barriers in Defense and Homeland Security
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Exhibit 3.2: MN Distribution of Measurement Solution Providers in Defense and Homeland Security

Engineering
Commercial Management/C Independent Standards
Calibration Contractor onsulting Government |Testing/Certifica Industry National Small Development
Calibration Service Component |R&D Labs-for- [Firms/A&E Laboratories |[tion Industrial R&D [Consortium/ |Instrument |Material [Measurement |Business/I{Software Organizations [Testing
Laboratories |Providers Suppliers Hire Firms and Agencies |Laboratories Laboratories Partnership |Suppliers |Suppliers [Institute nventors |Developers |(SDO) Laboratories |Universities |Total
0 1 1 2 1 23 0 6 3 12 1 30 0 2 5 0 8 95
Measurement Solution Providers
30
0 30 A —
—
c
(]
£ 25 + 23
o i
Ll
Z 20 A
Y—
© 15 +
S
> 12
0
g 10 - 8
6
pd 5 5
B 3
2 2
0 1 1 1 0 I:l 1 0 0
0 | [ I:l | | I:l
%] c 2 ! (@] =] c o 2 [ e 2] (2] = [%] [%]
g 5 s 3 g B 5 33 £ 5 s 5 s © &5 ¢ g
= = own = © = c ®© = o 2 n = = = Q. (@) = =
S c i < SO g ¥ BT = 4 = S € c ) €A 9] @
s 3 £ @ 8L 8 [ [J] 3] i} a = @
© o Q 2] Q0= O o] o [} o _ %) © )
= =73 = [a) 2 c = =0 ©ETH = ® £ =1 S 5 = 2 e o = >
9 T = %) IL £Eo0ol £g5c cEL &5 >E %) %) a2 < £ 3 ° Q =
3 o2 2 rF TQOw ¢S 238 28 §¢ 2 2 25 £ L S0 S £
| =0 < = O = 1] ] = < 8 Q= (] S i
[ 9] L cd 054 O& © =] 9] (e
c 5@ c 26 Lo« 02 g 28 £- T E g 5 =0 Q o 2 2 >
=] = O S o = S [ c £ 98 £ 3 5 T T = ‘B < N c
= Q'S o © = | =% = > e g E ° = =
< £ < IS =] w e E 3 S = = © 7]
= ) c D = b7 N 8 a1] ) 5 8 )
o EW Q S @ T = c c e N c P =
= O c - © =
< 3 O s Q z 8O
O O s O 7]




Exhibit 3.3: MN Distribution of Measurement Solutions in Defense and Homeland Security
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Exhibit 3.4: MN Distribution of Measurands in Defense and Homeland Security
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Exhibit 3.5: MN Distribution of Current Public/Private R&D Efforts
in Defense and Homeland Security
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Exhibit 3.6: MN Distribution of Tl as Measurement Technology in Defense and Homeland Security

Technology Innovation

is a Measurement Technology Innovation is not a
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Exhibit 3.7: MN Distribution by Stage of Technological Innovation

in Defense and Homeland Security
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Exhibit 3.8: MN Distribution of Regulation as Driver/Barrier in Defense and Homeland Security
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Exhibit 3.9:

MN Correlation Matrix for Solution Providers and Measurement Barriers

in Defense and Homeland Security

Measurement Solution Barriers

(]
o
- k5
2 = =
5 g el @
S S 5| W o g =
g 5 8| 2| 3| = & °
Q = El S| 8| & ] -
2z S | o 3| 2| B| « B ©
= = © > S| 3 3 s c| = o o
ol B > = =| = 2| V| T o > o S — o
© = o| 8 ©| G ) ol € = =) 2 - o
— [%)] c|la > n = — (o] o = ] = 1= o
ol o == | 2 c o ol R S o = —| © > s
o| o S|l 5| o x| S| P © © ol Tl o & ¢
- - 3l 8| S|lzss| 8 & & 3| 8| g T| 8| | & &l s
Solution Providers < «| <Joe|lol dal 5] S 2] & x| x| & o]l & =2
Calibration laboratories
Commercial calibration service providers 1 1
Component suppliers 1 1 1
Contractor R&D labs-for-hire 1 2 1 1 1
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Independent testing/certification laboratories
Industrial R&D laboratories 1 3 1 2 2 3 1 1
Industry consortium/partnership 1 1 1 2 3 1
Instrument suppliers 3 1 7 4 1 4 6 1 4 3 1
Material suppliers 1 1 1
National Measurement Institute 4 1] 16 11 1] 3 9 13| 1 9 3 1 3
Small business/inventors
Software developers 1 2 1 1 1
Standards development organizations (SDOs) 1 2 1 5 2 1
Testing laboratories
Universities 1 1 7 2 1 2 2 4 1




MN Correlation Matrix for Measurement Barriers and Measurement Solutions

in Defense and Homeland Security

Exhibit 3.10:
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Exhibit 3.11;

MN Correlation Matrix for Measurement Providers and Measurement Solutions

in Defense and Homeland Security
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MN Correlation Matrix for Stage of Technological Innovation and Measurement Barriers

in Defense and Homeland Security

Exhibit 3.12:

Measurement Solution Barriers
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MN Correlation Matrix for Stage of Technological Innovation and Measurement Solutions

in Defense and Homeland Security

Exhibit 3.13:

Measurement Solutions
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Exhibit 3.14:

MN Correlation Matrix for Solution Providers and Stage of Technological Innovation

in Defense and Homeland Security
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Material suppliers 1
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Exhibit 3.15: MN Correlation Matrix for Stage of Technological Innovation and Tl as Measurement Technology
in Defense and Homeland Security
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MN Correlation Matrix for Tl as Measurement Technology and Measurement Barriers

in Defense and Homeland Security

Exhibit 3.16:

Measurement Solution Barriers
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Exhibit 3.17:  MN Correlation Matrix for Solution Providers and Tl as Measurement Technology
in Defense and Homeland Security
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MN Correlation Matrix for Tl as Measurement Technology and Measurement Solutions

in Defense and Homeland Security

Exhibit 3.18:
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MN Correlation Matrix for Regulation as Driver/Barrier and Measurement Solutions

in Defense and Homeland Security

Exhibit 3.19:
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Exhibit 3.20: MN Correlation Matrix for Solution Providers and Regulation as Driver/Barrier
in Defense and Homeland Security
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Exhibit 4.1: MN Distribution of Measurement Barriers in Electronics for Non-Semiconductor and IT Hardware
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Exhibit 4.2: MN Distribution of Measurement Solution Providers in Electronics for Non-Semiconductor and IT Hardware
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Exhibit 4.3:

MN Distribution of Measurement Solutions in Electronics for Non-Semiconductor and IT Hardware
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Exhibit 4.4: MN Distribution of Measurands in Electronics for Non-Semiconductor and IT Hardware
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Exhibit 4.5: MN Distribution of Current Public/Private R&D Efforts
in Electronics for Non-Semiconductor and IT Hardware
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Exhibit 4.6: MN Distribution of Tl as Measurement Technology
in Electronics for Non-Semiconductor and IT Hardware
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Exhibit 4.7:  MN Distribution by Stage of Technological Innovation

in Electronics for Non-Semiconductor and IT Hardware
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Exhibit 4.8: MN Distribution of Regulation as Driver/Barrier
in Electronics for Non-Semiconductor and IT Hardware
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Exhibit 4.9:

MN Correlation Matrix for Solution Providers and Measurement Barriers

in Electronics for Non-Semiconductor and IT Hardware
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MN Correlation Matrix for Measurement Barriers and Measurement Solutions

in Electronics for Non-Semiconductor and IT Hardware
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Exhibit 4.11;

MN Correlation Matrix for Measurement Providers and Measurement Solutions
in Electronics for Non-Semiconductor and IT Hardware
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MN Correlation Matrix for Stage of Technological Innovation and Measurement Barriers

in Electronics for Non-Semiconductor and IT Hardware
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MN Correlation Matrix for Stage of Technological Innovation and Measurement Solutions

in Electronics for Non-Semiconductor and IT Hardware
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Exhibit 4.14:

MN Correlation Matrix for Solution Providers and Stage of Technological Innovation

in Electronics for Non-Semiconductor and IT Hardware

Stage of Technological
Innovation

e

2

©

]

[%)]

(0] c

o 9 °

8 S 3 2

o B =< S
Measurement Solution Providers g & 3 T
Calibration laboratories 1
Commercial calibration service providers
Component suppliers 5 5 2 1
Contractor R&D labs-for-hire 2
Engineering management/consulting firms/A&E firms
Government laboratories and agencies 48 12 7 2
Independent testing/certification laboratories 1 1
Industrial R&D laboratories 22 3 1 1
Industry consortium/partnership 14 2 4
Instrument suppliers 20 5 5 1
Material suppliers 2
National Measurement Institute 36 5 6 3
Small business/inventors
Software developers 2 1
Standards development organizations (SDOs) 3 5 1
Testing laboratories
Universities 32 5 3

14



Exhibit 4.15: MN Correlation Matrix for Stage of Technological Innovation and Tl as Measurement Technology
in Electronics for Non-Semiconductor and IT Hardware
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MN Correlation Matrix for Tl as Measurement Technology and Measurement Barriers

in Electronics for Non-Semiconductor and IT Hardware

Exhibit 4.16:
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Exhibit 4.17:  MN Correlation Matrix for Solution Providers and Tl as Measurement Technology
in Electronics for Non-Semiconductor and IT Hardware
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MN Correlation Matrix for Tl as Measurement Technology and Measurement Solutions

in Electronics for Non-Semiconductor and IT Hardware

Exhibit 4.18:
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MN Correlation Matrix for Regulation as Driver/Barrier and Measurement Solutions

in Electronics for Non-Semiconductor and IT Hardware

Exhibit 4.19:
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Exhibit 4.20: MN Correlation Matrix for Solution Providers and Regulation as Driver/Barrier
in Electronics for Non-Semiconductor and IT Hardware

Regulation is a Barrier
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Exhibit 5.1: MN Distribution of Measurement Barriers in Electronics Semiconductor
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Exhibit 5.2: MN Distribution of Measurement Solution Providers in Electronics Semiconductor
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Exhibit 5.3: MN Distribution of Measurement Solutions in Electronics Semiconductor
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Exhibit 5.4: MN Distribution of Measurands in Electronics Semiconductor

Classical Functional Performance Structural
Thermal- |Thermal- [Thermal-
Electronic/ Radio Thermoch|Thermody |Thermoph| Computational|Software System
Biological | Chemical| Physical| Physiological |Acoustical |Electrical |Magnetic | Optical |Photonic |frequency [emical namic ysical Performance Performance |Performance | Kinetic Mechanical | Molecular | Spatial | Total
0 3 19 0 0 13 3 6 1 1 0 0 2 0 0 0 0 2 2 0 52
Measurands
18
n 16
-
o
14 A 13
g —
— 12,
L
Z 10
=
o 8
= 6
(] 4
o 6
S
S 4 3 3
P 2 2 2
N B 1 0 f
0 0 0 0 0 0 0 0 0 0
o— H B ° "~ BEaean " -0 ‘
Y N Y NS N N X Y O N X< N ) o) o) X Y N D
de (i‘\& & @ é\\o'b & & @ é\cﬁ <<‘\& R S & &€& E PP
& Y ¥ & P RN S EEE @R
O N & & X < @ S $ L« S S O ©
) ROBEE S\ & S QAP & & <
N S ¥ & & & & @ <°
O ) () ) N
o & A PSS
< ¥ & & & X
&SSP ?
SR
o\ c®




Exhibit 5.5: MN Distribution of Current Public/Private R&D Efforts
in Electronics Semiconductor
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Exhibit 5.6: MN Distribution of Tl as Measurement Technology
in Electronics Semiconductor
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Exhibit 5.7:  MN Distribution by Stage of Technological Innovation
in Electronics Semiconductor
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Exhibit 5.8: MN Distribution of Regulation as Driver/Barrier

in Electronics Semiconductor
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Exhibit 5.9:

MN Correlation Matrix for Solution Providers and Measurement Barriers

in Electronics Semiconductor
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MN Correlation Matrix for Measurement Barriers and Measurement Solutions

in Electronics Semiconductor

Exhibit 5.10:
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Exhibit 5.11;

MN Correlation Matrix for Measurement Providers and Measurement Solutions

in Electronics Semiconductor
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MN Correlation Matrix for Stage of Technological Innovation and Measurement Barriers

in Electronics Semiconductor

Exhibit 5.12:
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MN Correlation Matrix for Stage of Technological Innovation and Measurement Solutions

in Electronics Semiconductor

Exhibit 5.13:
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Exhibit 5.14:

MN Correlation Matrix for Solution Providers and Stage of Technological Innovation

in Electronics Semiconductor

Stage of Technological
Innovation

e
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©
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o 9 °
8 S| 2
o B =< S
Measurement Solution Providers g & 3 T
Calibration laboratories 1
Commercial calibration service providers
Component suppliers
Contractor R&D labs-for-hire 1
Engineering management/consulting firms/A&E firms
Government laboratories and agencies 29 3 1 1
Independent testing/certification laboratories
Industrial R&D laboratories 13 3
Industry consortium/partnership 19 3
Instrument suppliers 9 1
Material suppliers 2
National Measurement Institute 31 5 1 1
Small business/inventors
Software developers 2
Standards development organizations (SDOs) 1
Testing laboratories
Universities 17 2
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Exhibit 5.15:  MN Correlation Matrix for Stage of Technological Innovation and Tl as Measurement Technology
in Electronics Semiconductor
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MN Correlation Matrix for Tl as Measurement Technology and Measurement Barriers

in Electronics Semiconductor

Exhibit 5.16:

Measurement Solution Barriers
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Exhibit 5.17:  MN Correlation Matrix for Solution Providers and Tl as Measurement Technology
in Electronics Semiconductor

Technology Innovation
|Measurement Innovation

Measurement Solution Providers
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Instrument suppliers

Material suppliers

National Measurement Institute 13
Small business/inventors
Software developers 1
Standards development organizations (SDOs)
Testing laboratories

Universities 7
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MN Correlation Matrix for Tl as Measurement Technology and Measurement Solutions

in Electronics Semiconductor

Exhibit 5.18:

Measurement Solutions
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MN Correlation Matrix for Regulation as Driver/Barrier and Measurement Solutions
in Electronics Semiconductor

Exhibit 5.19:

Measurement Solutions
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Exhibit 5.20: MN Correlation Matrix for Solution Providers and Regulation as Driver/Barrier
in Electronics Semiconductor

Regulation is a Barrier

Measurement Solution Providers

Calibration laboratories

Commercial calibration service providers
Component suppliers

Contractor R&D labs-for-hire

Engineering management/consulting firms/A&E firms
Government laboratories and agencies 1
Independent testing/certification laboratories
Industrial R&D laboratories

Industry consortium/partnership 1
Instrument suppliers
Material suppliers
National Measurement Institute 2
Small business/inventors

Software developers

Standards development organizations (SDOs)
Testing laboratories

Universities 1

—|Regulation is a Driver
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Exhibit 6.1: MN Distribution of Measurement Barriers in Energy, Power, and Environment
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Exhibit 6.2: MN Distribution of Measurement Solution Providers in Energy, Power, and Environment
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Exhibit 6.3: MN Distribution of Measurement Solutions in Energy, Power, and Environment
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Exhibit 6.4: MN Distribution of Measurands in Energy, Power, and Environment
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Exhibit 6.5: MN Distribution of Current Public/Private R&D Efforts
in Energy, Power, and Environment

Only Private Only Public Both Public and
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Exhibit 6.6: MN Distribution of Tl as Measurement Technology
in Energy, Power, and Environment
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Measurement Technology Innovation is not a
Innovation Measurement Innovation
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Exhibit 6.7:  MN Distribution by Stage of Technological Innovation
in Energy, Power, and Environment
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Exhibit 6.8: MN Distribution of Regulation as Driver/Barrier
in Energy, Power, and Environment
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Exhibit 6.9:

MN Correlation Matrix for Solution Providers and Measurement Barriers

in Energy, Power, and Environment

Measurement Solution Barriers
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Small business/inventors
Software developers 1 1 1
Standards development organizations (SDOs) 1 2 1 2
Testing laboratories
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MN Correlation Matrix for Measurement Barriers and Measurement Solutions

in Energy, Power, and Environment

Exhibit 6.10:

Measurement Solutions
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Exhibit 6.11;

MN Correlation Matrix for Measurement Providers and Measurement Solutions
in Energy, Power, and Environment

Measurement Solution Providers

Measurement Solutions
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MN Correlation Matrix for Stage of Technological Innovation and Measurement Barriers

in Energy, Power, and Environment

Exhibit 6.12:

Measurement Solution Barriers
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MN Correlation Matrix for Stage of Technological Innovation and Measurement Solutions

in Energy, Power, and Environment

Exhibit 6.13:

Measurement Solutions

Services
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Exhibit 6.14: MN Correlation Matrix for Solution Providers and Stage of Technological Innovation
in Energy, Power, and Environment

Stage of Technological
Innovation

e

2

o

3 c

xl 9 0

8 S 3 2

o B =< S
Measurement Solution Providers g & 3 T
Calibration laboratories 1 1 1
Commercial calibration service providers 1
Component suppliers 1
Contractor R&D labs-for-hire
Engineering management/consulting firms/A&E firms
Government laboratories and agencies 13 3 2
Independent testing/certification laboratories 1 1
Industrial R&D laboratories 7 1 2
Industry consortium/partnership 1 1
Instrument suppliers 3
Material suppliers 1 1
National Measurement Institute 14 2 3 1
Small business/inventors
Software developers 1
Standards development organizations (SDOs) 1 1 1
Testing laboratories
Universities 7 1




Exhibit 6.15: MN Correlation Matrix for Stage of Technological Innovation and Tl as Measurement Technology
in Energy, Power, and Environment
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MN Correlation Matrix for Tl as Measurement Technology and Measurement Barriers

in Energy, Power, and Environment

Exhibit 6.16:

Measurement Solution Barriers
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Exhibit 6.17:  MN Correlation Matrix for Solution Providers and Tl as Measurement Technology
in Energy, Power, and Environment

Technology Innovation
| w[Measurement Innovation

Measurement Solution Providers

Calibration laboratories

Commercial calibration service providers
Component suppliers

Contractor R&D labs-for-hire

Engineering management/consulting firms/A&E firms

Government laboratories and agencies 7
Independent testing/certification laboratories 1
Industrial R&D laboratories 2
Industry consortium/partnership

Instrument suppliers 3
Material suppliers 1
National Measurement Institute 10
Small business/inventors

Software developers 1

Standards development organizations (SDOs)
Testing laboratories
Universities 2




MN Correlation Matrix for Tl as Measurement Technology and Measurement Solutions

in Energy, Power, and Environment

Exhibit 6.18:

Measurement Solutions
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MN Correlation Matrix for Regulation as Driver/Barrier and Measurement Solutions

in Energy, Power, and Environment

Exhibit 6.19:

Measurement Solutions

Services
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Exhibit 6.20: MN Correlation Matrix for Solution Providers and Regulation as Driver/Barrier
in Energy, Power, and Environment

Regulation is a Driver

Measurement Solution Providers

Calibration laboratories

Commercial calibration service providers
Component suppliers

Contractor R&D labs-for-hire

Engineering management/consulting firms/A&E firms
Government laboratories and agencies

Independent testing/certification laboratories 1
Industrial R&D laboratories
Industry consortium/partnership

r|Regulation is a Barrier

Instrument suppliers 1
Material suppliers
National Measurement Institute 2

Small business/inventors

Software developers

Standards development organizations (SDOs)
Testing laboratories

Universities
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Exhibit 7.1: MN Distribution of Measurement Barriers in Healthcare
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Exhibit 7.2: MN Distribution of Measurement Solution Providers in Healthcare
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Exhibit 7.3: MN Distribution of Measurement Solutions in Healthcare

Infrastructure Products Services
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Exhibit 7.4: MN Distribution of Measurands in Healthcare

Classical Functional Performance Structural
Thermal- |Thermal- [Thermal-
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Exhibit 7.5: MN Distribution of Current Public/Private R&D Efforts in Healthcare

Only Private Only Public Both Public and
Efforts Exist Efforts Exist Private Efforts Exist |No Efforts Exist
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Exhibit 7.6: MN Distribution of Tl as Measurement Technology in Healthcare

Technology Innovation

is a Measurement Technology Innovation is not a
Innovation Measurement Innovation
47 30

Tl as Measurement Technology

30

Number of MNs
N
(6)]

Technology Innovation is a Measurement Technology Innovation is not a Measurement
Innovation Innovation




Exhibit 7.7: MN Distribution by Stage of Technological Innovation in Healthcare
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52 6 16 3 77
Stage of Technological Innovation
60
52
50
2 40 -
=
©
+ 30
[}
o)
IS
>
Z 20 - 16
10 + 6
3
0 i
Applied Research Production Market End-use




Exhibit 7.8: MN Distribution of Regulation as Driver/Barrier in Healthcare
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Exhibit 7.9:

MN Correlation Matrix for Solution Providers and Measurement Barriers

in Healthcare

Measurement Solution Barriers
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Small business/inventors
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MN Correlation Matrix for Measurement Barriers and Measurement Solutions

in Healthcare

Exhibit 7.10:

Measurement Solutions
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Exhibit 7.11;

MN Correlation Matrix for Measurement Providers and Measurement Solutions

in Healthcare

Measurement Solutions
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MN Correlation Matrix for Stage of Technological Innovation and Measurement Barriers

in Healthcare

Exhibit 7.12:

Measurement Solution Barriers
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MN Correlation Matrix for Stage of Technological Innovation and Measurement Solutions

in Healthcare

Exhibit 7.13:

Measurement Solutions
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Exhibit 7.14:

MN Correlation Matrix for Solution Providers and Stage of Technological Innovation

in Healthcare

Stage of Technological
Innovation
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Measurement Solution Providers < & s T
Calibration laboratories 1
Commercial calibration service providers
Component suppliers 1 1
Contractor R&D labs-for-hire
Engineering management/consulting firms/A&E firms 1
Government laboratories and agencies 37 4 11 3
Independent testing/certification laboratories 1 1
Industrial R&D laboratories 20 2 2 1
Industry consortium/partnership 6 2 7 1
Instrument suppliers 13 2 1
Material suppliers 1 1
National Measurement Institute 37 4 15 3
Small business/inventors
Software developers 2
Standards development organizations (SDOs) 7 4
Testing laboratories 1
Universities 25 1 1
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Exhibit 7.15:  MN Correlation Matrix for Stage of Technological Innovation and Tl as Measurement Technology
in Healthcare

=

()

IS

o
? >
g3
Stage of Technological 9 <
Innovation =2
Applied Research 34
Production 2
Market 8
3

End-use




MN Correlation Matrix for Tl as Measurement Technology and Measurement Barriers

in Healthcare

Exhibit 7.16:

Measurement Solution Barriers
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Exhibit 7.17:  MN Correlation Matrix for Solution Providers and Tl as Measurement Technology
in Healthcare

Technology Innovation
[Measurement Innovation

Measurement Solution Providers

Calibration laboratories
Commercial calibration service providers

Component suppliers 1
Contractor R&D labs-for-hire

Engineering management/consulting firms/A&E firms

Government laboratories and agencies 32
Independent testing/certification laboratories 1
Industrial R&D laboratories 12
Industry consortium/partnership 10
Instrument suppliers 14
Material suppliers 2
National Measurement Institute 35
Small business/inventors

Software developers 2
Standards development organizations (SDOs) 6
Testing laboratories 1
Universities 19




MN Correlation Matrix for Tl as Measurement Technology and Measurement Solutions

in Healthcare

Exhibit 7.18:

Measurement Solutions
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MN Correlation Matrix for Regulation as Driver/Barrier and Measurement Solutions

in Healthcare

Exhibit 7.19:

Measurement Solutions

Services
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Exhibit 7.20:  MN Correlation Matrix for Solution Providers and Regulation as Driver/Barrier
in Healthcare

Regulation is a Driver
Regulation is a Barrier

Measurement Solution Providers

Calibration laboratories

Commercial calibration service providers
Component suppliers

Contractor R&D labs-for-hire

Engineering management/consulting firms/A&E firms
Government laboratories and agencies 17
Independent testing/certification laboratories
Industrial R&D laboratories

Industry consortium/partnership

Instrument suppliers

Material suppliers

National Measurement Institute 16
Small business/inventors
Software developers
Standards development organizations (SDOs) 2
Testing laboratories 1
Universities 6
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Exhibit 8.1: MN Distribution of Measurement Barriers in Manufacturing (Discrete) and Automotive
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Exhibit 8.2: MN Distribution of Measurement Solution Providers in Manufacturing (Discrete) and Automotive
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Exhibit 8.3: MN Distribution of Measurement Solutions in Manufacturing (Discrete) and Automotive
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Exhibit 8.4: MN Distribution of Measurands in Manufacturing (Discrete) and Automotive
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Exhibit 8.5: MN Distribution of Current Public/Private R&D Efforts
in Manufacturing (Discrete) and Automotive

Only Private Only Public Both Public and
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Exhibit 8.6:

MN Distribution of Tl as Measurement Technology
in Manufacturing (Discrete) and Automotive

Technology Innovation
is a Measurement

Technology Innovation is not a

Innovation Measurement Innovation
20 12
Tl as Measurement Technology
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Exhibit 8.7: MN Distribution by Stage of Technological Innovation

in Manufacturing (Discrete) and Automotive

Applied Research |Production Market End-use |Total
23 7 1 1 32

Stage of Technological Innovation

25 53
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Exhibit 8.8: MN Distribution of Regulation as Driver/Barrier
in Manufacturing (Discrete) and Automotive

MN Driver MN Barrier |No Impact

2 3 27

Regulation as Driver or Barrier to Technology Innovation
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Exhibit 8.9:

MN Correlation Matrix for Solution Providers and Measurement Barriers

in Manufacturing (Discrete) and Automotive

Measurement Solution Barriers
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Material suppliers 1 2 1] 1
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Small business/inventors
Software developers 1 1 1 1
Standards development organizations (SDOs) 1 2 2 1 1 2 1
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Exhibit 8.10:

MN Correlation Matrix for Measurement Barriers and Measurement Solutions
in Manufacturing (Discrete) and Automotive

Measurement Solutions

Infrastructure Products Services
— > = < -
(0] = o [} c
sl 2| e £ 5 s | E S
= s — S =
S| E 2| = 5 o § el 2| s 3 (2 ol | S| S
= [J) = c 0 o =} - | — E o o [ o) (=20 =
S| X ol © @ ol £ A B e = o ol 2|1 9|8
|l =| 52| o ) c|lofl 212 e o O SRR
HEIR R = s|clelelel2]8 = E & & 2l H| 2l =3
ol 5|l & ol 2o o 2 o|lo|l ol |52 3 T [8 |a 2l s g
2 = s bl B = ) O] o o c|l S| c|>
g2l ESleDels |33l 5|52 g8 oLlzls |Se|zlel8lelz
. S13|85|58|8| 58|88 8| 5|5/58&|5|a|2&]L (2|88 5
Measurement Solution S|l g|loaloc3elos| Bl |l B 2l alc IS5 8l2e|lsc|lolelo| Efla
ol 8|l >aslcolg|lallg|lo|l=|lE|lcls|slz122|l2 S| acBalsl=]als
Barriers o8| v el Sc|2|oo|SflolB| ol 3ol 8oaolo 28 <=2
olalosS|Cx|la|legn|ldb|Dd]o|lolS[S|S||le|ln]|ln]|ln|lFonlFal>lold]l E]l&
Acceptability/Compatibility 1 2 1 1 1
Accessibility 1 1 2 1 1
Accuracy 2 7 2 51 2| 5 21 5 4 1| 1] 1 3 4 1 1 2
Data, Data Collection/and or
Retrieval 3] 5 2 1 11 70 1f 11 6] 5] 3| 2| 1] 2| 1 4 2 2 3
Destructive 1 1 1 2| 2| 3 1 1
Expense 1 2 1] 2 1 1
Lack of Fundamental
Knowledge 1 1 3 2 1
Multiple Solutions Exist 2 2l 1 1
Not Standardized 1] 1 5 1 2l 1 2l 11 1 1 3 1 1
Production Readiness
Reliability 1] 2 4 1 1l 2 3[ 21 21 1 1 1 2 2 1 1 4
Resolution 3 1 2| 1 1f 1] 4| 6 1 1 1
Small Market Demand
Speed 1f 1 3 1 3l 3[ 2
System-Level Problem 1 1 1
Workforce

10




Exhibit 8.11;

MN Correlation Matrix for Measurement Providers and Measurement Solutions
in Manufacturing (Discrete) and Automotive

Measurement Solution Providers

Measurement Solutions

Infrastructure

Products

Services

Coordination/ facilitation

Data Collection/ Retrieval

Development for Measurement Technology

Fundamental Scientific Knowledge
Research for Measurement Science

Protocols

User Facility

Calibration Method

Computation Method

Measurement Instrument

Measurement Method

Metrics/ Benchmarks

Reference Data

Software

Stability Tests

Standard/CRM

Test Methods - Consumer Products

Validated Data

Calibration Services

International Recognition

Expert Consultation

3rd Party Verification

Calibration laboratories

~|Standards

|Raw Properties Data

|Test Methods - Production Scale

Commercial calibration service providers

Component suppliers

=

=

N

Contractor R&D labs-for-hire

Engineering management/consulting
firms/A&E firms

Government laboratories and agencies

Independent testing/certification laboratories

Industrial R&D laboratories

Industry consortium/partnership

Instrument suppliers
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MN Correlation Matrix for Stage of Technological Innovation and Measurement Barriers

in Manufacturing (Discrete) and Automotive

Exhibit 8.12:
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MN Correlation Matrix for Stage of Technological Innovation and Measurement Solutions

in Manufacturing (Discrete) and Automotive

Exhibit 8.13:
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Exhibit 8.14: MN Correlation Matrix for Solution Providers and Stage of Technological Innovation
in Manufacturing (Discrete) and Automotive

Stage of Technological
Innovation
e
2
o
3 c
xl 9 0
8 S 3 2
o B =< S
Measurement Solution Providers g & 3 T
Calibration laboratories 1
Commercial calibration service providers
Component suppliers 3
Contractor R&D labs-for-hire
Engineering management/consulting firms/A&E firms 1
Government laboratories and agencies 9 1 1
Independent testing/certification laboratories 1
Industrial R&D laboratories 8 1
Industry consortium/partnership 5 3
Instrument suppliers 5 3
Material suppliers 1 1
National Measurement Institute 18 5 1
Small business/inventors
Software developers 1 1
Standards development organizations (SDOs) 1 3
Testing laboratories
Universities 8 1




Exhibit 8.15: MN Correlation Matrix for Stage of Technological Innovation and Tl as Measurement Technology
in Manufacturing (Discrete) and Automotive
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MN Correlation Matrix for Tl as Measurement Technology and Measurement Barriers

in Manufacturing (Discrete) and Automotive

Exhibit 8.16:

Measurement Solution Barriers
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Exhibit 8.17:  MN Correlation Matrix for Solution Providers and Tl as Measurement Technology
in Manufacturing (Discrete) and Automotive

Technology Innovation
[Measurement Innovation

Measurement Solution Providers
Calibration laboratories
Commercial calibration service providers

Component suppliers 2
Contractor R&D labs-for-hire

Engineering management/consulting firms/A&E firms 1
Government laboratories and agencies 6
Independent testing/certification laboratories

Industrial R&D laboratories 5
Industry consortium/partnership 4
Instrument suppliers 6
Material suppliers

National Measurement Institute 18
Small business/inventors

Software developers 1
Standards development organizations (SDOs) 2

Testing laboratories
Universities 4




MN Correlation Matrix for Tl as Measurement Technology and Measurement Solutions

in Manufacturing (Discrete) and Automotive

Exhibit 8.18:

Measurement Solutions

Services
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MN Correlation Matrix for Regulation as Driver/Barrier and Measurement Solutions

in Manufacturing (Discrete) and Automotive

Exhibit 8.19:

Measurement Solutions
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Exhibit 8.20: MN Correlation Matrix for Solution Providers and Regulation as Driver/Barrier
in Manufacturing (Discrete) and Automotive
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Exhibit 9.1: MN Distribution of Measurement Barriers in Materials
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Exhibit 9.2: MN Distribution of Measurement Solution Providers in Materials
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Exhibit 9.3: MN Distribution of Measurement Solutions in Materials
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Exhibit 9.4: MN Distribution of Measurands in Materials

Classical Functional Performance Structural
Thermal- |Thermal- [Thermal-
Electronic/ Radio Thermoch|Thermody |Thermoph| Computational|Software System
Biological | Chemical| Physical| Physiological |Acoustical |Electrical |Magnetic | Optical |Photonic |frequency [emical namic ysical Performance Performance |Performance | Kinetic Mechanical | Molecular | Spatial | Total
0 8 8 1 0 4 3 0 1 1 0 2 2 0 0 1 0 5 4 0 40
Measurands
9
8 8
8, — —
2 7
c
(]
£ 6
(]
— 5
z ° ]
4 4
=,
y—
o 3
& 3
= 2 2
£ .
>
Z 1 1 1 1
l,
0 T T T T T T T T T T T T T
Y N Y NS N N X Y O N X< N ) o) o) X Y N D
de 6,\\@ £ @ é\\o'b %\o@ & R & é\cﬁ 6‘% & 5 & & & F &Q'o K &
& o F F P RO N E S EE @ @R
® & T & & & X < & & KOS S S SOy
K\ Rl &S ¢ & N N K\
&< S © & & & Q¥ & ®
S > & & &
¢ & &L @ e L
<¥f N X X & &
¢ <& & & o 2
S & & & 4
& & Oo




Exhibit 9.5: MN Distribution of Current Public/Private R&D Efforts in Materials
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Exhibit 9.6: MN Distribution of Tl as Measurement Technology in Materials
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Exhibit 9.7: MN Distribution by Stage of Technological Innovation in Materials
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Exhibit 9.8: MN Distribution of Regulation as Driver/Barrier in Materials
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Exhibit 9.9:

MN Correlation Matrix for Solution Providers and Measurement Barriers

in Materials
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MN Correlation Matrix for Measurement Barriers and Measurement Solutions

in Materials

Exhibit 9.10:
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Exhibit 9.11;

MN Correlation Matrix for Measurement Providers and Measurement Solutions

in Materials
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MN Correlation Matrix for Stage of Technological Innovation and Measurement Barriers

in Materials

Exhibit 9.12:
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MN Correlation Matrix for Stage of Technological Innovation and Measurement Solutions

in Materials

Exhibit 9.13:
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Exhibit 9.14:

MN Correlation Matrix for Solution Providers and Stage of Technological Innovation

in Materials
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Exhibit 9.15: MN Correlation Matrix for Stage of Technological Innovation and Tl as Measurement Technology
in Materials
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MN Correlation Matrix for Tl as Measurement Technology and Measurement Barriers

in Materials

Exhibit 9.16:

Measurement Solution Barriers
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Exhibit 9.17:  MN Correlation Matrix for Solution Providers and Tl as Measurement Technology
in Materials
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MN Correlation Matrix for Tl as Measurement Technology and Measurement Solutions

in Materials

Exhibit 9.18:
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MN Correlation Matrix for Regulation as Driver/Barrier and Measurement Solutions

in Materials

Exhibit 9.19:
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Exhibit 9.20: MN Correlation Matrix for Solution Providers and Regulation as Driver/Barrier
in Materials
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Exhibit 10.1: MN Distribution of Measurement Barriers in Nanotechnology
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Exhibit 10.2: MN Distribution of Measurement Solution Providers in Nanotechnology
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Exhibit 10.3: MN Distribution of Measurement Solutions in Nanotechnology
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Exhibit 10.4: MN Distribution of Measurands in Nanotechnology
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Exhibit 10.5: MN Distribution of Current Public/Private R&D Efforts in Nanotechnology
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Exhibit 10.6: MN Distribution of Tl as Measurement Technology in Nanotechnology
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Exhibit 10.7: MN Distribution by Stage of Technological Innovation in Nanotechnology
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Exhibit 10.8: MN Distribution of Regulation as Driver/Barrier in Nanotechnology
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in Nanotechnology

Exhibit 10.9: MN Correlation Matrix for Solution Providers and Measurement Barriers

Measurement Solution Barriers

(]
o
- k5
z S E
= c el
'g © § 2 A ° S
3 S 5| O 8 = °
g 5 c|l o £ c S
[e) k) [} < 8 o o =
S E £l S| 8| 8 8 &
2| 2 3 S| 3| 8| & 3 T
= = p g c o © c c < o ®
o) o > = —=| S = 0 © © 2 o © - o
© = o| 8 ©| G ) ol € = =) 2 - o
s @8l s(oz| 51 & sl 2 8|1 © = 5 = | ©
0 = . O fad o= ol =R =1 Qo = — ko] o —
o| o S|l | 5| © x| S| 9 - © [=} 3| o] 2| X
: : 8| 8| 8lzs| 8| 2| & 2| 8| °| ®| 8| | & & 8
Solution Providers < «| <Joe|lol al S S|l =2 &l | x| 6| o] & =2
Calibration laboratories 1 1
Commercial calibration service providers
Component suppliers
Contractor R&D labs-for-hire
Engineering management/consulting firms/A&E firms
Government laboratories and agencies 1 19 8 1] 3 5 1] 1 3] 18 8 1
Independent testing/certification laboratories 1 1 1
Industrial R&D laboratories 1 5 2l 1 2 1 5 1
Industry consortium/partnership 10 3 1] 1 1 1 3 7 5
Instrument suppliers 10 4 1] 1 2 1] 3 2 5 2
Material suppliers 1 4 4 2 1] 2 1 1 1
National Measurement Institute 20 7 2 5 1| 4 5/ 15 5 1
Small business/inventors
Software developers 1 1
Standards development organizations (SDOs) 1 1 1
Testing laboratories
Universities 11 5[ 2 1 3 1 2 11 4 1




Exhibit 10.10: MN Correlation Matrix for Measurement Barriers and Measurement Solutions

in Nanotechnology
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in Nanotechnology

Exhibit 10.11: MN Correlation Matrix for Measurement Providers and Measurement Solutions
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Exhibit 10.12: MN Correlation Matrix for Stage of Technological Innovation and Measurement Barriers

in Nanotechnology
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Exhibit 10.13: MN Correlation Matrix for Stage of Technological Innovation and Measurement Solutions

in Nanotechnology
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in Nanotechnology

Exhibit 10.14: MN Correlation Matrix for Solution Providers and Stage of Technological Innovation
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Exhibit 10.15: MN Correlation Matrix for Stage of Technological Innovation and Tl as Measurement Technology
in Nanotechnology
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Exhibit 10.16: MN Correlation Matrix for Tl as Measurement Technology and Measurement Barriers

in Nanotechnology
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Exhibit 10.17: MN Correlation Matrix for Solution Providers and Tl as Measurement Technology

in Nanotechnology
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Exhibit 10.18: MN Correlation Matrix for Tl as Measurement Technology and Measurement Solutions

in Nanotechnology
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Exhibit 10.19: MN Correlation Matrix for Regulation as Driver/Barrier and Measurement Solutions

in Nanotechnology
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Exhibit 10.20: MN Correlation Matrix for Solution Providers and Regulation as Driver/Barrier

in Nanotechnology
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Exhibit 11.1: MN Distribution of Measurement Barriers in Software for Information Technology
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Exhibit 11.2: MN Distribution of Measurement Solution Providers in Software for Information Technology
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Exhibit 11.3: MN Distribution of Measurement Solutions in Software for Information Technology
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Exhibit 11.4: MN Distribution of Measurands in Software for Information Technology

Classical Functional Performance Structural
Thermal- |Thermal- [Thermal-
Physio- Electronic/ Radio Thermoch|Thermody |Thermoph [Compu-tational |Software System
Biological | Chemical | Physical [logical Acoustical |Electrical Magnetic | Optical Photonic |frequency |emical namic ysical Performance Performance  [Performance Kinetic Mechanical | Molecular | Spatial | Total
0 0 4 0 2 1 0 1 0 1 0 0 1 5 10 7 0 0 0 1 33
Measurands
12
10
»n 1014 -
—
c
[J]
5 o
— 7
L —
< 6
s i
— 5
(o]
E 4
4,
Ne]
E
S 2
zZ 2
1 1 1 1 1
o o fl o HE oW oMo oM o o o I
0 T T T T T T T T T T T T T T T
> » > > > > . > . A > . > S D>
A NS S S SR SR P B SR A R SR S S SR
S £ ¢ O £ $ ST © g L & P @ 3 GRS N O ¥
ORI I A - S B © ) BN G SN S A O I A 2
O 7 Q O & R Q & X S Q S S S O ©
Q 9 ¥ L A K« RN\
N © o L & & @ Q) & ~
Q & S & @ & X \J
) X > @ Q
& A o L& @
< ¥ & & & & 9
& & & e 2
& & @
NN S




Exhibit 11.5: MN Distribution of Current Public/Private R&D Efforts
in Software for Information Technology

Only Private Only Public Both Public and
Efforts Exist Efforts Exist Private Efforts Exist |No Efforts Exist
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Exhibit 11.6:

MN Distribution of Tl as Measurement Technology
in Software for Information Technology
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Exhibit 11.7: MN Distribution by Stage of Technological Innovation

in Software for Information Technology

Applied Research |Production Market End-use |Total
21 4 5 3 33
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Exhibit 11.8: MN Distribution of Regulation as Driver/Barrier

in Software for Information Technology
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in Software for Information Technology

Exhibit 11.9: MN Correlation Matrix for Solution Providers and Measurement Barriers

Measurement Solution Barriers
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Exhibit 11.10: MN Correlation Matrix for Measurement Barriers and Measurement Solutions

in Software for Information Technology
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in Software for Information Technology

Exhibit 11.11: MN Correlation Matrix for Measurement Providers and Measurement Solutions
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Exhibit 11.12: MN Correlation Matrix for Stage of Technological Innovation and Measurement Barriers

in Software for Information Technology
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Exhibit 11.13: MN Correlation Matrix for Stage of Technological Innovation and Measurement Solutions

in Software for Information Technology
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Exhibit 11.14: MN Correlation Matrix for Solution Providers and Stage of Technological Innovation
in Software for Information Technology

Stage of Technological
Innovation
e
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Measurement Solution Providers g & 3 T
Calibration laboratories
Commercial calibration service providers
Component suppliers 1 1
Contractor R&D labs-for-hire 2
Engineering management/consulting firms/A&E firms 1
Government laboratories and agencies 10 4 5 3
Independent testing/certification laboratories 1
Industrial R&D laboratories 8 3 1 1
Industry consortium/partnership 2 3
Instrument suppliers 2
Material suppliers
National Measurement Institute 13 3 4 3
Small business/inventors
Software developers 7 1
Standards development organizations (SDOs) 1
Testing laboratories
Universities 12 2




Exhibit 11.15: MN Correlation Matrix for Stage of Technological Innovation and Tl as Measurement Technology
in Software for Information Technology
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Exhibit 11.16: MN Correlation Matrix for Tl as Measurement Technology and Measurement Barriers

in Software for Information Technology

Measurement Solution Barriers
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in Software for Information Technology

Exhibit 11.17: MN Correlation Matrix for Solution Providers and Tl as Measurement Technology

Measurement Solution Providers
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Exhibit 11.18: MN Correlation Matrix for Tl as Measurement Technology and Measurement Solutions

in Software for Information Technology
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Exhibit 11.19: MN Correlation Matrix for Regulation as Driver/Barrier and Measurement Solutions

in Software for Information Technology
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Exhibit 11.20: MN Correlation Matrix for Solution Providers and Regulation as Driver/Barrier
in Software for Information Technology

Regulation is a Driver
Regulation is a Barrier
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Exhibit 12.1: MN Distribution of Measurement Barriers in Entire Economy

Data, Data Lack of Not Small Syste
Collection Fundamental |Multiple |Standardi|Production |Reliabil [Resolut|{market ms-  |Workforc
Acceptibility Accessibility |Accuracy |& Retrieval |Destructive |Expense [Knowledge Solutions [zed Readiness |ity ion demand|Speed level [e Total
27 9 188 94 8 17 75 12 84 13 80 58 1 31 8 1 706
Measurement Barriers
200 188
180 -
=160 -
€140 A
w120 ~
prd i 94
Z 100 ki e 84 80
< 80 - ] —
° 58
o 60 -
O
€ 40 | 27 . 31
>
2 20 - ﬂ 9 8 12 13 . ﬂ 8
0 _m |—||_| 0 - | | =
) } > Z 2 2 o 5 . Q> > 2
ST I PR N N IR S S
F P &S F TSNS R E
KR & L & & F S B P &
& &v ¢ QAN R R N KA
NN Q‘G Q NS AN N o
O AR S O &
o OISO
Q S
& o
Q N4




Exhibit 12.2: MN Distribution of Measurement Solution Providers in Entire Economy
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Exhibit 12.3: MN Distribution of Measurement Solutions in Entire Economy
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Exhibit 12.4: MN Distribution of Measurands in Entire Economy
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Exhibit 12.5: MN Distribution of Current Public/Private R&D Efforts in Entire Economy

Only Private Only Public Both Public and
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Exhibit 12.6: MN Distribution of Tl as Measurement Technology in Entire Economy

Technology Innovation

is a Measurement Technology Innovation is not a
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Exhibit 12.7: MN Distribution by Stage of Technological Innovation in Entire Economy
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Exhibit 12.8: MN Distribution of Regulation as Driver/Barrier in Entire Economy
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in Entire Economy

Exhibit 12.9: MN Correlation Matrix for Solution Providers and Measurement Barriers
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Exhibit 12.10: MN Correlation Matrix for Measurement Barriers and Measurement Solutions

in Entire Economy
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in Entire Economy

Exhibit 12.11: MN Correlation Matrix for Measurement Providers and Measurement Solutions

Measurement Solutions

Infrastructure Products Services
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Calibration laboratories 1 1] 3 2 1 1 1f 1 1 1
Commercial calibration service providers 1 1 1
Component suppliers 6 2l 20 9f 11 1 1| 3] 4 2 1 1 1] 2 2
Contractor R&D labs-for-hire 1 1 1 1] 2 1 1 1 1] 1
Engineering management/consulting
firms/A&E firms f 1 1 1 2 1 1
Government laboratories and agencies 7] 8 87| 19| 27| 38| 63| 8| 13| 28] 29| 52| 28| 14| 24 6] 1| 21| 16| 12| 5 1] 1 3
Independent testing/certification laboratories
1 1l 2 6 il 2 1] 4 2/ 1 1 2 2| 1 2l 1
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Small business/inventors
Software developers 2l 3 1 2l 1 1f 3 1 7 4 5 3 1 2l 1 1 1
Standards development organizations (SDOs)
2l 4 8 8] 1] 22| 1 2| 1] 12 6 1 2 9 7/ 4 2| 4
Testing laboratories 1 2 1 1 1
Universities 3 7 45 11 3| 24| 25| 4| 10f 25| 17| 35 14| 11| 14 1 71 8 3 4 1l 2
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Exhibit 12.12: MN Correlation Matrix for Stage of Technological Innovation and Measurement Barriers

in Entire Economy
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Exhibit 12.13: MN Correlation Matrix for Stage of Technological Innovation and Measurement Solutions

in Entire Economy

Measurement Solutions
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Exhibit 12.14: MN Correlation Matrix for Solution Providers and Stage of Technological Innovation
in Entire Economy

Stage of Technological
Innovation

e

2

o

3 c

x| 0

5 S 3 4

o B =< S
Measurement Solution Providers g & g g
Calibration laboratories 2 1 1 1
Commercial calibration service providers 1
Component suppliers 8 6 2 2
Contractor R&D labs-for-hire 4
Engineering management/consulting firms/A&E firms 1 2
Government laboratories and agencies 157 29 26 9
Independent testing/certification laboratories 4 3 3 1
Industrial R&D laboratories 76 12 7 3
Industry consortium/partnership 40 9 16 1
Instrument suppliers 55 13 7 1
Material suppliers 9 4 2
National Measurement Institute 156 25 29 11
Small business/inventors
Software developers 12 1 1 1
Standards development organizations (SDOs) 18 7 13 1
Testing laboratories 1 1
Universities 93 8 8




Exhibit 12.15: MN Correlation Matrix for Stage of Technological Innovation and Tl as Measurement Technology
in Entire Economy
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Exhibit 12.16: MN Correlation Matrix for Tl as Measurement Technology and Measurement Barriers

in Entire Economy

Measurement Solution Barriers
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in Entire Economy

Exhibit 12.17: MN Correlation Matrix for Solution Providers and Tl as Measurement Technology

Measurement Solution Providers

Technology Innovation
Measurement Innovation

Calibration laboratories 5
Commercial calibration service providers 1
Component suppliers 4
Contractor R&D labs-for-hire 2
Engineering management/consulting firms/A&E firms 2
Government laboratories and agencies 89
Independent testing/certification laboratories 4
Industrial R&D laboratories 35
Industry consortium/partnership 20
Instrument suppliers 38
Material suppliers 8
National Measurement Institute 103
Small business/inventors

Software developers 8
Standards development organizations (SDOs) 12
Testing laboratories 1
Universities 42
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Exhibit 12.18: MN Correlation Matrix for Tl as Measurement Technology and Measurement Solutions

in Entire Economy

Measurement Solutions
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Exhibit 12.19: MN Correlation Matrix for Regulation as Driver/Barrier and Measurement Solutions

in Entire Economy

Measurement Solutions

Services
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in Entire Economy

Exhibit 12.20: MN Correlation Matrix for Solution Providers and Regulation as Driver/Barrier

5 Ko
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Measurement Solution Providers & &
Calibration laboratories 1 2
Commercial calibration service providers
Component suppliers
Contractor R&D labs-for-hire 1
Engineering management/consulting firms/A&E firms 1
Government laboratories and agencies 20 6
Independent testing/certification laboratories 3 3
Industrial R&D laboratories 8 2
Industry consortium/partnership 10 2
Instrument suppliers 3 2
Material suppliers 2
National Measurement Institute 25 10
Small business/inventors
Software developers
Standards development organizations (SDOs) 5 2
Testing laboratories 1
Universities 8 3
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in Entire Economy

Exhibit 12.21: MN Correlation Matrix for Economic Sector/Technology Areas and Measurement Barriers

Measurement Solution Barriers
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Economic Sector/Technology Areas HIER Sl & 3| 8| 2| 2| & &| & G| & & =
Agriculture and Food Processing 5 2 1 3 1
Building and Construction - Civil Infrastructure 2 3 6 3 1f 3 2 1
Building and Construction - Residential / Commercial Building
3 7 13 1] 4 3 9 1 5 1 1 1
Chemical 3 3 1 1f 1
Defense 1) 1] 10 44 11 2| 6 4 5 1 1]
Electronics - Non-semiconductor 4] 4] 40 13| 4] 12| 3| 19| 8| 13| 10 4
Electronics - Semiconductor 2| 1] 38 8| 1] 6] 13| 3 2| 12| 22 13
Energy and Power - Fossil fuel 1 2 1 1
Energy and Power - Hydrogen 2 50 1 3 4 1 1] 1
Energy and Power - Nuclear 1 1
Energy and Power - Power Generation and Distribution 1 1 § 7 2 1 4 3 1 1
Energy and Power - Renewable 2 1 1
Environment 2 6 1 3 2l 1
Healthcare - Bioimaging and Informatics 4 23| 100 1] 4] 14 2| 8 1 8 7 2l 2
Healthcare - Clinical Diagnostics 3] 1] 26 10| 4] 13| 2| 12 12| 5 2l 1
Healthcare - Health and Safety 1 13 6 8 1f 6 5 3 i 2
Healthcare - Pharmaceuticals 2 16 8 1f 2| 8 2| 5 100 5 3 1
Homeland Security - First Responders 4 12 10| i 5 16/ 1| 8 3 1f 3
Industrial Biotechnology 2| 1] 3 4 1) 3 3 1 2 i 1 3
Information Technology - Software 9] 3| 13 13| 8| 1| 15| 1] 10| 2
Information Technology - Hardware 2 16 3 1 3 7 8| 1| 4| 4 5 1
Manufacturing - Continuous 1l 1f 5 7 3 1f 2| 1] 5 2 1
Manufacturing - Discrete 2| 2| 11 W 2] 2] 2 3 5 8 3 1
Materials - Ceramics 1 5 2 1 4] 1 2l 1] 3
Materials - Metals 2| 2| 8 8 1 1l 2] 2 2l 5 1
Materials - Polymers 2| 1] 10 of 1f 1] 9 2| 4 2 2 5 1 1
Measurement Technology - Instrumentation 3] 1] 44 16)] 2| 6| 14/ 1f 20 1| 17[ 19 10 2
Measurement Technology - Process Control 5 6 9 3 5 1] 5 3 4 1
Measurement Technology - Sl Units 1f 11 4 1 1] 2 4 7N 4
Nanotechnology 1 29| 12| 2| 3 7 2[ 5 6| 22 9 1
Other 1 1 1 1] 1] 1]
Other - Law Enforcement 1 1 1
Telecommunications 3] 1] 13 70 1 3 8| 1] 10/ 3 2| 4
Transportation - Aerospace il 1f 9 4 2 2| 3 6
Transportation - Automotive 3 2| 11 15/ 2| 2| 5 2 71 1f 9f 3 2
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Exhibit 12.22: MN Correlation Matrix for Economic Sector/Technology Areas and Measurands
in Entire Economy

Classical Functional Performance Structural
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Economic Sector/Technology Areas @|O|laja|<|w|2|O|a|x|F|F[F|l O] o #|g|3|3|a
Agriculture and Food Processing 2 1 1 1
Building and Construction - Civil Infrastructure 1 1 1f 2 1 2 1
Building and Construction - Residential / Commercial Building
1 3 2 3 1] 1) 4 1] 3 2 2
Chemical 2 1 1
Defense 1 2[ 4 1 2| 1 2l 1
Electronics - Non-semiconductor 4] 22| 1 17] 9] 5] 4| 2 2| 2 1 1 3 2] 1
Electronics - Semiconductor 3| 19 13| 3] 6] 1] 1 2 2| 2
Energy and Power - Fossil fuel 1 2
Energy and Power - Hydrogen 2| 1 1 2 1
Energy and Power - Nuclear 1
Energy and Power - Power Generation and Distribution 1 3 4 2 1f 1
Energy and Power - Renewable 1 1
Environment i 1f 1f 2 1 1
Healthcare - Bioimaging and Informatics 8 1f 1 3 6] 4] 1 4 4 1| 1
Healthcare - Clinical Diagnostics 19] 1) 1] 2| 2l 2 2 1 1 3 1| 1
Healthcare - Health and Safety 4 4] 3 2 2| 1] 1 1f 1 1 1
Healthcare - Pharmaceuticals 10 4] 5 1 1 2 1
Homeland Security - First Responders 1 1f 3 2 3[ 2 1f 2 1 7 1 1
Industrial Biotechnology 4 3| 2
Information Technology - Software 4 2l 1 1 1 1 5[ 10| 7 1
Information Technology - Hardware 1{ 10 3 1 1 2 2 6 1
Manufacturing - Continuous 1 1f 2 2 1 1 2
Manufacturing - Discrete 8 1 2 1 1 1 1 2 1
Materials - Ceramics 1f 1 1 1f 2 1 3
Materials - Metals 3] 2 3 1 1 3
Materials - Polymers 5 6] 1 4 1 1 1 2| 2
Measurement Technology - Instrumentation 6 217 2| 1f 5 2[ 5] 3 3] 3 1 5 | 1] 3
Measurement Technology - Process Control 2[ 5 1 1 4 2 1
Measurement Technology - Sl Units 4 1] 1 1 2| 1] 1 1f 1 2
Nanotechnology 5/19] 1 3 1 3] 1 1 1| 1
Other 1 1 1] 1
Other - Law Enforcement 1 1]
Telecommunications 1f 1 1| 4 1f 3[ 3 7 1
Transportation - Aerospace 1f 1 2 1 1 1| 1] 3
Transportation - Automotive 2| 8 2 1 f 1f 1 1 1 3 3




Exhibit 12.23: MN Correlation Matrix for Economic Sector/Technology Areas and Stage of Technological Innovation
in Entire Economy

Stage of Technological Innovation
5 g o
85 S g 2
S 0 3 = S
Economic Sector/Technology Areas 28 & g 5
Agriculture and Food Processing 2 2 1
Building and Construction - Civil Infrastructure 6 1 2
Building and Construction - Residential / Commercial Building
13 1 8 1
Chemical 4
Defense 13 1
Electronics - Non-semiconductor 49 14 11 2
Electronics - Semiconductor 44 6 1 1
Energy and Power - Fossil fuel 2 1
Energy and Power - Hydrogen 5 1 1
Energy and Power - Nuclear 1
Energy and Power - Power Generation and Distribution 7 2 2 1
Energy and Power - Renewable 1 1
Environment 5 2
Healthcare - Bioimaging and Informatics 21 2 9 2
Healthcare - Clinical Diagnostics 22 12 2
Healthcare - Health and Safety 16 2 3
Healthcare - Pharmaceuticals 19 3 2
Homeland Security - First Responders 19 1 3 2
Industrial Biotechnology 6 2 1
Information Technology - Software 21 4 5 3
Information Technology - Hardware 24 1 2
Manufacturing - Continuous 6 3 1
Manufacturing - Discrete 14 3 1
Materials - Ceramics 8 2
Materials - Metals 6 6 1
Materials - Polymers 19 2 2
Measurement Technology - Instrumentation 48 4 6 2
Measurement Technology - Process Control 10 5) 1
Measurement Technology - Sl Units 11 2 2
Nanotechnology 31 4 1
Other 3 1
Other - Law Enforcement 2
Telecommunications i 1 4 2
Transportation - Aerospace 7 2 1 1
Transportation - Automotive 15 6 2 1




in Entire Economy

Exhibit 12.24: MN Correlation Matrix for Economic Sector/Technology Areas and Tl as Measurement Technology

Economic Sector/Technology Areas

Technology Innovation
Measurement Innovation

Agriculture and Food Processing 2
Building and Construction - Civil Infrastructure 3
Building and Construction - Residential / Commercial Building 7
Chemical 2
Defense 8
Electronics - Non-semiconductor 17
Electronics - Semiconductor 18
Energy and Power - Fossil fuel 3
Energy and Power - Hydrogen 2
Energy and Power - Nuclear 1
Energy and Power - Power Generation and Distribution 4
Energy and Power - Renewable

Environment 3
Healthcare - Bioimaging and Informatics 22
Healthcare - Clinical Diagnostics 27
Healthcare - Health and Safety 8
Healthcare - Pharmaceuticals 15
Homeland Security - First Responders 14
Industrial Biotechnology 3
Information Technology - Software 12
Information Technology - Hardware 5
Manufacturing - Continuous 7
Manufacturing - Discrete 13
Materials - Ceramics 4
Materials - Metals 2
Materials - Polymers 6
Measurement Technology - Instrumentation 41
Measurement Technology - Process Control 11
Measurement Technology - Sl Units 10
Nanotechnology 15
Other 2
Other - Law Enforcement 1
Telecommunications 9
Transportation - Aerospace 5
Transportation - Automotive 11
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in Entire Economy

Exhibit 12.25: MN Correlation Matrix for Economic Sector/Technology Areas and Tl as Measurement Technology

Measurement Solutions

Infrastructure Products Services
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Building and Construction - Civil Infrastructure 1 (3 [1[1[3]4 3|1]2]2 1 1 1
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Chemical 11111 11111 211
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Healthcare - Bioimaging and Informatics 2(3]10 96122 [4]|4]|6|19| 72|34 71512
Healthcare - Clinical Diagnostics 41847 ]19]18|2|3|4|4f21[4[3]|7]5 10| 3 1 1
Healthcare - Health and Safety 1 71114117 5[3[3]7]2]1]4 1|2 5
Healthcare - Pharmaceuticals 3l10{5)3[7)10(1]|3[2]2](11]|2 4 5111
Homeland Security - First Responders 1 (6 |1[4[1]8 3|]4]16|9]|6[2]3 3|]1]6]1 1 2
Industrial Biotechnology 3|l2|1f(2[3[1]2 2|6 1 2111
Information Technology - Software 4|13|5|2|5|5|8|1|1|7[1[8]15]1]9]3 1 (131 1 1
Information Technology - Hardware 2 1312|719 ]1]1)]3|2[8]5 2 3122
Manufacturing - Continuous 21331 14122 ]2]1 2|1 1 2
Manufacturing - Discrete 21261 41243 [7]6]1 2|1 3121 1 2
Materials - Ceramics 11511 11111 2 211 3 1
Materials - Metals 21114 21411]11]5 6 1 312 1 211
Materials - Polymers 1/9|5[4[5]7][1 3|2]10]1)5]|1 1 1/1
Measurement Technology - Instrumentation 23|27 3[10]12|24| 2|9 |8 |15|11|5|4[5[3|1]|]6]|]3]|8]|1 2
Measurement Technology - Process Control 1(1[(9[1]3 5112|4421 ]1 251 1
Measurement Technology - Sl Units 1[(5]|2 1|4 5[4[5[]3]2 1 2 1
Nanotechnology 1 (231 [4(183|]9[2|4|6|12|8|2[4]1 712 1
Other 1 1 2 11111
Other - Law Enforcement 1 1
Telecommunications 1 11 61481 |3[1|2]11|5 1132 1
Transportation - Aerospace 21231 1 (2|13 [2[3]|]2]2 3 1
Transportation - Automotive 3141613 59|23 [7]3]4]1]4 17112 3
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in Entire Economy

Exhibit 12.26: MN Correlation Matrix for Economic Sector/Technology Areas and Tl as Measurement Technology
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Economic Sector/Technology Areas S| 8| 8| 8 Sl 3 HEREEEEIRIR HEEIES
Agriculture and Food Processing 4 1(1]2 4 1
Building and Construction - Civil Infrastructure 1 3 2 5|12[1]4 1 2 13
Building and Construction - Residential / Commercial Building 2 11 B 57 ([3]|1(15 1 8 1|8
Chemical 4 11111 3 1 1
Defense 111 9 3 41112 1 6
Electronics - Non-semiconductor 12| 1 53 2 1914129 2 |41 2 7 33
Electronics - Semiconductor 1 1 34 162210 2 | 38 2 1 19
Energy and Power - Fossil fuel 1 2 1 1 3
Energy and Power - Hydrogen 1 6 5 1 6 1
Energy and Power - Nuclear 1 1
Energy and Power - Power Generation and Distribution 3 6 1 3 1]2]10 1 5
Energy and Power - Renewable 2 2 1 1
Environment 111 5) 1 2121 3 1 1 3
Healthcare - Bioimaging and Informatics 1 26 141 8 | 5| 1]|26 1 6 10
Healthcare - Clinical Diagnostics 1 26 1 12110| 6 | 2 | 24 2 4 1 (14
Healthcare - Health and Safety 1 13 1 81414 19 4 6
Healthcare - Pharmaceuticals 1 15 2 71416 14 1 4 15
Homeland Security - First Responders 1 2 18 413[9 22 1 5 5
Industrial Biotechnology 6 1 5|2 6 2 4
Information Technology - Software 2|2 22 1 13| 5| 2 23 8 1 14
Information Technology - Hardware 1 2|1 21 13| 6 | 411 ]14 1 2 13
Manufacturing - Continuous 1 3 1 4117 3 1 4
Manufacturing - Discrete 6 5[2]|5 14 2 3 7
Materials - Ceramics 8 312 117 2 4
Materials - Metals 5) 1 3[6[1]4]8 4 5)
Materials - Polymers 1 18 1 41 3[8]3]13 6 10
Measurement Technology - Instrumentation 1 (11 42 1 8 119(20| 1 |49 2 4 15
Measurement Technology - Process Control 1 8 1 627 |2]10 2 4
Measurement Technology - Sl Units 1 7 1 (37211 2 2
Nanotechnology 1 25 1 6 [11[11| 6 [24 1 1 15
Other 1 2 1 2 1 3 1 1
Other - Law Enforcement 2 1 1 2
Telecommunications 2 14 612 |8[2]15 4 6
Transportation - Aerospace 1 6 1(2]2]1]9 2 3 4
Transportation - Automotive 1 3 11 1 7175 2/(19 1 2 6
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Exhibit 12.27: Total MN Distribution (All Groups)
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